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SPECIFICATION 

[Electronic Version 1.2.8] - 

■MAGNETIC DISK DRIVE STORAGE SYSTEM- 
-Cross Reference to Related Applications - 

-This application claims priority from US appl. no. 60/270,972, filed February 22, 2001 , which is 
incorporated herein by reference. - 

-Background of Invention - 

[0001]- The invention relates generally to magnetic disk drive storage systems, and relates more 
particularly to a key plate system which protects against insertion of an inappropriate disk drive carrier 
into a system. - 

j ll4 [0002]- Many challenges face the designer of a magnetic disk drive storage system. In a typical 
i<2 system, there is an enclosure with a number of slots into which disk drive carriers may be inserted. A 
typical system may have fourteen slots. The disk drive carriers each carry a disk drive. The disk drives 
work together to provide a highly reliable storage system with a high density of storage. Among the 
issues are concerns about constructive interference arising out of vibrations in drives of the system and 
jl about provision of cooling air. In any of these systems, it is important to design the system so that a 
J 'j* user will not inadvertently insert a carrier into the enclosure that is not supposed to be inserted into the 
! F enclosure. For example, a product line of disk drive storage systems may include systems that differ 
' ic? from one to the next in important ways. It is desirable to have a standardized enclosure across the 
^ product line, and to have standardized disk drive carriers, yet it would be undesirable if a user could 
insert a carrier from one system into the enclosure of a different system. This may happen because the 
equipment is supplied to several OEM (original equipment manufacturer) customers, or may happen 
because the same product line platform is used for various electrical interfaces (e.g. SCSI versus fibre 
[f* channel, or 2 gigabit fibre channel versus 1 gigabit fibre channel). - 

I'll [0003]- One prior-art approach to this problem is to use keying pins in the electrical connectors of 
the carriers and in the electrical connectors of a backplane located at the rear of the enclosure. This 
approach has the advantage that keyed connectors are well known and many keyed combinations are 
able to be configured in a typical keyed-connector scheme. In a system that only has one or two slots 
requiring keying, this approach can be advantageous, and the high cost of such connectors can be 
accommodated. - 

[0004]- But where the number of slots is large, a keyed-connector scheme is unduly expensive due 
to the number of such connectors. A keyed-connector system typically has small piece parts that must 
be assembled into the connectors. There is the danger that of the dozen or more connectors in a drive 
storage system, one or more connectors might be incorrectly keyed due to incorrect assembly of the 
keying piece parts. The manufacturer can try to catch such mistakes through testing (for example, 
inserting each keyed connector into a test jig) but such testing is time-consuming and uses up some of 
the insertion life of the connector. Worse, there are some keying errors (such as failure to insert a 
blocking part) that might not be detected by test insertions of a mating connector in a test jig. - 

[0005]- A further difficulty with many keying schemes is that they require real estate. A 
connector-based scheme for example requires an allocation of real estate in a planar area that might 
otherwise have provided more conductors in a connector. Other keying schemes, such as schemes in 
which a printed circuit board card edge fits into an edge connector, require control of the width of the 
card edge. A disk drive carrier enclosure system, due to its dense construction, has very little real estate 
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available for keying schemes. Indeed the width of the carrier is limited because of the need to fit as 
many carriers as possible into a standard enclosure width (defined by standard equipment rack 
dimensions). - 

[0006]- Another prior-art approach is to have a keying scheme in a single plane within the rails of 
the carriers. This is usually done with tabs or screws aligning with a matching plate embedded within the 
enclosure, but only within one plane. - 

[0007]- There is thus a great need for a keying system for use in a disk drive storage system that 
overcomes these difficulties. Such a system would need to avoid some or all of the error-prone insertion 
of keying piece parts. It would need to provide a straightforward way of keying all slots, a dozen or more 
in number, identically, preferably in a single assembly step. It would need to have a small overall parts 
count. Such a scheme must accommodate the necessarily narrow drive carriers of a storage system 
without using up real estate that is needed for other design purposes. Finally, it should be able to 
provide assembly customization of at least six combinations at minimal cost, and should be 
generalizable to a scheme offering more than six combinations. - 



-Summary of Invention - 

[0008]- An enclosure is shaped with a plurality of opposed pairs of first and second guides, the first 
guides all substantially coplanar within a first plane, the second guides all substantially coplanar within a 
M second plane. Each pair of guides defines a respective plane, the respective planes of the pairs of guides 
Q all parallel to each other, each pair of guides separated by a respective spacing, each pair of guides 

□ shaped to receive a respective planar carrier by insertion in a first direction along the pair of guides. The 
no enclosure is shaped to receive a key plate parallel to the first plane and intersecting the first guides, said 

□ key plate having a plurality of feature areas, each feature area corresponding to a respective plane of one 
::p of the pairs of guides, each feature area presenting a predetermined pattern of barriers to movement in 

| -.a the first direction, the barriers disposed at at least two locations along the first direction. The enclosure 
i,Q includes a plurality of electrical connectors corresponding to respective pairs of first and second guides, 

each connector disposed between ends of its respective first and second guides and positioned 
Q perpendicular thereto. - 

i y 

! -Brief Description of Drawings - 

[0009]- Fig. 1 shows in plan view an exemplary embodiment of a keying scheme in accordance with 
Hy the invention; - 

[0010]- Fig. 2 shows in perspective view a rail disposed to receive keying pins; - 

[001 1]- Fig. 3 shows in perspective view a disk driver carrier in exploded relationship to a bottom rail 
such as that shown in Fig. 2, along with two keying pins; - 

[001 2]- Fig. 4 is a perspective partial view of a drive carrier showing a top rail such as shown in Fig. 

3;- 

[001 3]- Fig. 5 shows in perspective view a key plate; - 

[0014]- Fig. 6 shows in perspective view an enclosure according to the invention, in exploded 
relationship to a key plate such as that of Fig. 5; - 

[001 5]- Fig. 7 shows in close-up perspective view the enclosure of Fig. 6, with the key plate seated 
and its keying barriers visible; - 

[001 6]- Fig. 8 shows in perspective view a disk drive carrier such as that of Fig. 4 partially inserted 
into the enclosure of Fig. 7; - 
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[001 7]- Fig. 9 shows in perspective. view a bottom rail such as that of Fig. 2, partially inserted into 
guides forming part of the enclosure of Fig. 7, with the key plate seated; - 

[001 8]- Fig. 1 0 shows the rail and enclosure of Fig. 9, with the rail inserted to a lesser extent than is 
shown in Fig. 9; - 

[001 9]- Fig. 1 1 shows the rail and enclosure of Figs. 9 and 1 0, in edge-on view; and - 

[0020]- Fig. 1 2 shows in sequence the insertion of either of two incorrect drive carriers into an 
enclosure slot. - 

[0021]- Where possible, like features and elements have been shown with like reference numerals 
among the figures. - 

-Detailed Description - 

[0022]- Turning first to Fig. 8, what is shown in perspective view is a disk drive carrier 1 20, partially 
inserted into the enclosure 121. It should be appreciated that in a functioning system there will normally 
be a drive carrier 1 20 for each of the available slots 1 22 of the enclosure 121. In an exemplary 
embodiment there are fourteen slots 1 22 and fourteen carriers 1 20, so that fourteen disk drives fit into 
the enclosure 121. Omitted for clarity in Fig. 8 are a connector at the rear of the carrier 1 20, and a 
U mating connector at the rear of the opening of the enclosure 121, positioned so that when the carrier 
□ 1 20 is fully inserted into the slot 1 22, the two connectors mate, providing power and data connectivity to 
Q a disk drive carried by the carrier 1 20. Slot 1 22 defines guides, one at the bottom of the carrier 1 20 and 
ng another at the top of the carrier 1 20, each guide receiving a respective rail at the top and bottom of the 
Q carrier 1 20. Rail 1 23 is visible in Fig. 8. - 

i 

l ll4 [0023]- A metal comb 1 47 is visible at one side of the opening of enclosure 121, and a 
\ p corresponding comb is at the other side of the opening of enclosure 121, not visible in the view of Fig. 
f " 8. The carrier 1 20 likewise has a metal comb 1 48 on one side, and a corresponding comb on its other 
side, not visible in the view of Fig. 8. - 

: : :cr 
Us- ; 

;|t [0024]- A barrier 91 is proximal to the front of the enclosure 121, and additional barriers 93, 92 are 
!* further from the front of the enclosure 121. These barriers, in an exemplary embodiment, are provided 
in each of the fourteen slots 1 22. - 

: 1 

I ^ [0025]- Stated differently, what is shown is an enclosure 121 shaped with a plurality of opposed pairs 
of first and second guides. A pair of guides is at the top and at the bottom of the carrier 1 20 when it is 
inserted. The first guides are all substantially coplanar within a first plane, defining a bottom plane in 
Fig. 8, and the second guides are all substantially coplanar within a second plane, defining a top plane in 
Fig. 8. The first and second planes thus define the bottom and top planes, respectively, of the enclosure 
121.- 

[0026]- Each pair of guides defines a respective plane, and a drive carrier inserted into such a pair of 
guides is in or parallel to that respective plane. The respective planes of the pairs of guides are all 
parallel to each other. Each pair of guides is separated from its adjacent pair of guides by a respective 
spacing. Each pair of guides is shaped to receive a respective planar carrier 1 24 by insertion in a first 
direction along the pair of guides. - 

[0027]- Turning now to Fig. 3, what is shown is a disk driver carrier 1 20 in exploded relationship to a 
bottom rail 1 24. Six numbered holes may be seen in the bottom rail 1 24. Keying pins 24, 21 are also 
shown in exploded view relative to the bottom rail 1 24. Top rail 1 23 may also be seen in Fig. 3. - 

[0028]- Fig. 4 is a perspective partial view of a drive carrier 1 20 showing a bottom rail 1 24. Pins 24, 
21 are in place, and the carrier 1 20 is ready for insertion into a keyed enclosure. The pins may be 5/64 
inch press pins. - 
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[0029]- It will thus be appreciated that in an exemplary embodiment, each slot in the enclosure 121 
has a carrier inserted therein. Such a system thus comprises a plurality of substantially planar 
rectangular carriers 1 20 each having a first rail 1 24 and a second rail 1 23 parallel to each other, each 
carrier 1 20 shaped for insertion into a pair of first and second guides with the first rail engaged to the 
first guide and the second rail engaged to the second guide, the first rail of each carrier disposed with 
protruding pins at at least two locations along its length, the pins disposed to pass by a predetermined 
pattern of barriers. - 

[0030]- Each such carrier is a substantially planar rectangular carrier carrying a disk drive, the carrier 
having first and second rails parallel to each other, the carrier having an electrical connector along an 
edge between the first and second rails, the carrier having a handle along the remaining edge, the first 
rail disposed with protruding pins at at least first and second locations along its length, the first location 
closer to the electrical connector than the second location. - 

[0031]- Fig. 7 shows in close-up perspective view an enclosure 121 with fourteen slots 122. Keying 
barriers 91 , 92, and 93 may be seen. These barriers are repeated as feature areas, one for each of the 
fourteen slots. It will be appreciated that the feature areas are evenly spaced, just like the slots 1 22. The 
barriers 92, 93 define a barrier location nearest to the enclosure connectors, and the barriers 91 define a 
barrier location further from the enclosure connectors. A carrier being inserted will first encounter the 
barrier location of barriers 91 , and will later encounter the barrier location of barriers 92, 93. - 

. s [0032]- Fig. 6 shows in perspective view the enclosure 1 2 1 according to the invention, in exploded 
jj~ relationship to a key plate 1 30. As will be more fully appreciated when Fig. 6 is considered in connection 

with figures discussed below, key plate 1 30 provides the barriers 91 , 92, 93 of Fig. 7. Below key plate 
l -i 130 in Fig. 6 is a bottom panel 140. In an exemplary embodiment, the enclosure 121 is cast from top 

and bottom pieces of a magnesium alloy as described in PCT publication number WO 01 /721 73, 
• j assigned to the same assignee as the assignee of the present invention, and incorporated herein by 

reference. The guides defining slots 122 may have wedges formed therein as described in PCT 
^ publication number WO 01 /73790, assigned to the same assignee as the assignee of the present 
MS invention, and incorporated herein by reference. In such an embodiment, bottom plate 140 may be 

aluminum or steel, and may be attached by screws or rivets. - 

fiU [0033]- It will be appreciated that in an exemplary embodiment, enclosure 1 21 of Fig. 6 is shaped to 
i ! .iy receive a key plate 1 30 parallel to the first plane and intersecting the first guides. This key plate has a 
ry plurality of feature areas, each feature area corresponding to a respective plane of one of the pairs of 
Q guides, each feature area presenting a predetermined pattern of barriers to movement in the first 
fjy direction, the barriers disposed at at least two locations along the first direction. In this embodiment, the 
enclosure further comprises a plurality of electrical connectors corresponding to respective pairs of first 
and second guides, each connector disposed between ends of its respective first and second guides and 
positioned perpendicular thereto. The connectors are omitted for clarity in Fig. 6. - 

[0034]- Fig. 10 shows the rail 1 24 being inserted into enclosure 121 . Pins 21 and 24 are in the rail 
1 24. Barriers 91 , 92, and 93 may be seen in the slot into which rail 1 24 is being inserted. Because of the 
arrangement of pins (in holes 2 and 4), it is possible to insert the rail 1 24 fully into the slot. - 

[0035]- In Fig. 1 0, rail 1 24 has two of its keying holes in use, namely holes numbered 2 and 4. 
Consider what would happen, given the presence of barriers 91 , 92, and 93, if some other keying hole 
were in use. - 

[0036]- If hole 6 were not in use, but hole 3 were in use, then the pin of hole 3 would strike barrier 
91 . If hole 6 were in use, then the pin of hole 6 would strike barrier 91 . In the latter case, the rail 1 24 
would not penetrate as far into the slot as in the former case. - 

[0037]- If pin 5 were in use, then the pin of hole 5 would strike barrier 93. - 

[0038]- With barriers 91 , 92, and 93 as shown in Fig. 10, a pin in hole 1 would have no effect on 
insertion of the rail 1 24 into the slot. - 
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[0039]- It should also be appreciated that barrier 92 is never struck, regardless of which of holes 1 , 
2, 3, 4, 5 or 6 has a pin in it, because any pin that could strike barrier 92 (namely a pin in hole 6) would 
previously have struck barrier 91 during insertion. - 

[0040]- Importantly, in an exemplary embodiment the barriers 91 , 92, 93 are the same in all of the 
slots. In such an embodiment, the rail 1 24 may be fully inserted into any of the slots. - 

[0041]- It would also be possible to make the barriers different in different slots. With such an 
arrangement, a rail that would be capable of insertion fully into one slot would not necessarily be capable 
of insertion fully into another slot. - 

[0042]- Fig. 9 shows further progress with the rail insertion of Fig. 1 0. In Fig. 9, the rail 1 24 has 
been inserted far enough that a pin in holes 4, 5 or 6 has the possibility of engaging with (and striking) a 
barrier in the region of barrier 91 . With yet further progress of insertion, any pin of holes 4, 5 or 6 will 
have the possibility of engaging with (and striking) a barrier in the region of barriers 92, 93. Likewise at 
some point during insertion, any pin of holes 1 , 2, and 3 will have the possibility of engaging with (and 
striking) a barrier in the region of barrier 91 . - 

[0043]- In an exemplary arrangement, the spacing between the region of holes 1 , 2, and 3 and the 
region of holes 4, 5 ? and 6 is about the same as the spacing between the region of barrier 91 and the 
region of barriers 92 and 93. This is not, however, required. - 

■ j; [0044]- One skilled in the art will appreciate that holes 1 , 2, and 3 could be in a line perpendicular to 

;;J the length of rail 1 24, or could be somewhat staggered as shown in Fig. 9. The same may be said for 

Jjjj holes 4, 5 or 6. Staggering the holes tends to separate the holes, which strengthens the rail 1 24 

; ; J compared with having the holes close together. Staggering the holes also reduces the risk of an 

1 assembly mistake in which a pin is placed in a hole other than the intended hole. Staggering the holes 

»P also promotes visual inspection of the pins for correct positioning. - 

;P [0045]- One skilled in the art will likewise appreciate that the layout of holes as shown in Fig. 9 
permits three holes across the width of the rail 1 24. Other keying schemes do not permit as many 
Q keying features in the limited width. Still other keying schemes that provide the same or a larger number 
riy of keying features would require a wider rail 1 24, which would (as mentioned above) reduce the number 
fU of drive carriers that will fit in a rack width. - 

m 

q [0046]- One skilled in the art will also appreciate that if it were to be necessary to provide more 
ny keying combinations than are offered by the arrangement of Fig. 9, it would be possible to add one or 
more additional rows of pins and barriers. - 

[0047]- Fig. 1 1 shows the rail 1 24 and enclosure in edge-on view. The rail 1 24 is inserted in the 
direction that is into the page in Fig. 11. Pin 21 is visible, and no barrier is in the line of travel of pin 21 . 
Pin 24 is visible, and behind it may be seen barrier 93. Barrier 91 is also visible. - 

[0048]- Fig. 2 shows in perspective view the rail 124 disposed to receive keying pins. Numbered 
holes 4, 5 and 6 define a first location 1 26 which is closer to the enclosure electrical connector; 
numbered holes 1 , 2, and 3 define a second location 1 25 which is further from the enclosure electrical 
connector. - 

[0049]- Fig. 5 shows in perspective view a key plate 1 30. The key plate is optionally secured to the 
rest of the enclosure by means of screws through screw holes 1 34, 1 35. Feature areas 131, 1 32, 133 
etc. are, in an exemplary embodiment, equally spaced along the length of the key plate 1 30. One set of 
barriers defines a first barrier location 1 27, and a second set of barriers defines a second barrier location 
1 38. The direction of insertion of a carrier is such that the carrier first encounters the barrier location 
1 38, and later encounters the barrier location 1 37. It should be emphasized that the key plate shown in 
Fig. 5 is intended to show each possible keying configuration, all in one plate, for illustrative purposes. 
In contrast, in an exemplary embodiment the key plate would probably have the same identical keying 
configuration in all of its positions. - 
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[0050]- Key plate 1 30 may be cast, for example from the same alloy as the top and bottom cast 
halves of enclosure 121. Given the brittleness of some cast alloys, however, it may be preferable to 
fashion key plate 1 30 from sheet stock such as steel, that is shaped and then folded to yield the 
structure of Fig. 5. In an exemplary embodiment, the keying plate is made of punched and formed, 1 020 
cold-rolled steel. In another embodiment it is possible to use high tensile, heat-treatable sheet steel 
such as 41 30. - 

[0051]- It will be appreciated that in an exemplary embodiment, the key plate 130 is substantially 
linear and, when installed into the enclosure 121, is substantially perpendicular to the first direction, 
namely the direction of insertion for the disk drive carriers. In such an embodiment, the key plate 
comprises a substantially linear member elongated in a first direction, the key plate having a plurality of 
feature areas 131, 1 32, 1 33 etc. disposed at equally spaced distances along the first direction, each 
feature area presenting a predetermined pattern of barriers to movement in a second direction 
perpendicular to the first direction. The second direction is the direction of insertion of a carrier into the 
enclosure. The barriers are disposed at at least first and second locations 1 37, 1 38. In an exemplary 
embodiment the pattern of barriers is identical in each of the feature areas. Typically the number of 
feature areas is at least ten, and may be as many as fourteen. - 

[0052]- Fig. 1 shows in plan view an exemplary embodiment of a keying scheme in accordance with 
the invention. Configurations are numbered 1 though 6 in Fig. 1. At configuration 1, it is assumed that 
pins 21 and 25 are provided in a rail 1 24, omitted for clarity in Fig. 1 . It is assumed that barriers 91 , 92, 
and 93 are provided in one of the feature areas of a key plate 1 30, the balance of which is omitted for 
clarity in Fig. 1 . The direction of insertion is upwards in Fig. 1 , shown by directional arrow 1 01 . 
Positions 27, 28, 26, and 29 represent places where pins could be placed but have not been placed. 
Empty regions 22, 23, 25 represent places where key plate barriers could be placed but have not been 
placed. - 

[0053]- Turning to configuration 2 of Fig. 1 , arrow 92 shows a first pin location that is closest to the 
electrical connectors. Arrow 93 shows a second pin location that is further from the electrical 
connectors. Arrow 94 shows a third location for barriers that is closest to the electrical connectors, while 
Arrow 95 shows a fourth location for barriers that is further from the electrical connectors. - 

[0054]- The remaining configurations show that six different configurations are possible using the 
number and arrangement of pin locations and number and arrangements of barrier locations set forth in 
Fig. 1. - 

[0055]- Fig. 1 2 shows in sequence the insertion of either of two incorrect drive carriers into an 
enclosure slot. In a first example, at (a) is a portion of a rail 1 24 carrying pins 41 , 44. These are to be 
inserted into a slot with barriers 91 , 92, 93. In this example, a collision happens before the electrical 
connectors are mated, as shown at (b). While the carrier is being inserted, a protruding pin at the 
second location strikes against a barrier at the fourth location, the first and second electrical connectors 
failing to be in contact. - 

[0056]- In a second example, at (c) a portion of a rail 1 24 carries pins 51, 54. These are to be 
inserted into the same slot as is shown at (a) and (b). In this example, a collision again happens before 
the connectors are mated, as shown at (d). While the carrier is being inserted, a protruding pin at the 
first location strikes against a barrier at the fourth location, the first and second electrical connectors 
failing to be in contact. - 

[0057]- It will be appreciated that in the example at (b), at collision the rail will have been inserted 
further than in the example at (d). In either case, the connectors do not mate and the system is 
protected against incorrect insertion of a carrier. Indeed the connectors do not come close in close 
proximity with each other. - 

[0058]- In a third example, at (e) a portion of a rail 1 24 carries pins 61 , 64. These are to be inserted 
into the same slot as is shown at (a) and (b). In this example, a collision again happens before the 
connectors are mated, as shown at (f). It will be appreciated that in the example at (f), at collision the rail 



